Abstract
Introduction
The decision to join to the labor force is a topic of long-standing tradition in economics (see Heckman, 1993; Blundell and Macurdy, 1999; Pencavel, 1986) . Noticeably, an important portion of the research in this area has been devoted to the study of the participation of married women (see Mincer, 1962; Gronau, 1973; Killingsworth and Heckman, 1986 ; among many others). This is because such a decision of married women has represented some important challenges to researchers that have sometimes been adequately captured by both economic and econometric models. Among these challenges are the proxies that have been used for the potential market wage (human capital acquisitions, experience, age, probability of transitory leaves for fertility decisions, etc.) and the reservation wage (non-labor income, including the husband's wage, fertility decisions, in particular, the presence of young children and the cost of child care, etc.).
Labor participation in Colombia has been studied, from a static point of view, using the independent cross-sections data provided by the National Housing Survey (NHS) (see López, 2001 ; Santamaría and Rojas, 2001; Tenjo and Ribero, 1998; and, Arango and Posada, 2005) .
Intertemporal models of labor supply have been implemented to capture the behavior of participation within a life-cycle framework (MaCurdy, 1981; Altonji, 1986; Heckman and MaCurdy, 1980) taking into account aspects related to interest rates, labor income taxes, and fertility. For Colombia, unfortunately, there is a lack of research that focuses on the life-cycle behavior of the extensive margin of the labor supply regardless of the advantages of this approach. The explanation lays in the fact that there is no panel data in Colombia on household labor market supply. In spite of this weakness of Colombian statistics, Sánchez and Núñez (2002) undertook a pseudo-panel approach to study some household behavior characteristics including labor force participation.
In this work, following Deaton (1985) a pseudo-panel is conformed in order to observe some life-cycle properties of labor force participation. Independent cross-sections, based on the quarter stages of NHS for the seven biggest cities between 1984 and 2000, are transformed into population cohorts; the sample mean of each cohort is computed and used as a panel. Then different models of participation for married women (or those in common-law unions) are estimated to asses the main determinants of the labor participation decision.
The model attempts to capture the behavior of labor participation over time, the main recent findings related to fertility decisions (see Nakamura and Nakamura, 1992; Carrasco, 2001; Chun and Oh, 2002; Attanasio et al. 2004, etc.) , and memory of labor participation decisions (true state dependence) (Heckman, 1981; Hyslop, 1999; Carro, 2003; etc.) . The results of the regressions are in line with the theory, intuition, and findings in other countries.
This article develops as follows: Section 1 is this introduction. Section 2 establishes the model. Section 3 shows the characteristics of the cohorts and some stylized facts derived from the pseudo-panel. Section 4 explains the empirical approach and presents and discusses the results.
Finally, Section 5 draws some conclusions.
A model for labor participation over time
The aim of this paper is to check the power of some potential determinants of married women's labor participation when they make this decision during the course of their lives. Among the determinants are interest rates, labor income taxes, education level, age, non-labor income, and the cost of child care, this latter factor being neatly connected to fertility decisions. This section develops a model in which these variables appear as determinants of the extensive component of the labor supply 1 .
Consider a married woman whose problem is to maximize the present value of discounted utility over a finite lifetime:
where Ω is a monotonically increasing function, ) (⋅ u is the periodic utility flow, α is the discount factor, t c is consumption at age t, total hours available for the woman are normalized to 1 and used to work in the market, t n , or leisure time, t l , such that
, and, t x is a vector of characteristics of the family in period t, which accounts for observed and unobserved heterogeneity both over time and across families. If the woman decides to work she will undergo a welfare loss but, on the other hand, the labor income will allow her to increase consumption. If she decides to work, her after-tax income net of the costs of childcare and some others is: λ the job search cost. The specification in (2) means that if the married woman decides not to work in period t her income will be:
The objective is to maximize (1) subject to the constraint:
where t b is the asset at the beginning of period t+1 and t r is the interest rate. This restriction assumes that the woman can save and acquire debts 3 .
The solution to the problem implies that she is indifferent to participation or nonparticipation at the corner where
, if the wage that she would receive in the labor market t w is equal to the reservation wage, t w , plus the job search cost. In other words, an interior solution will exist if Empirically the model considered for woman i in period t is:
where it X is a vector of observed variables as family composition of woman i, education level, and demographic aspects while it µ represents the effect of unobserved determinants that 2 This term could also be associated to the indirect effects of fertility explained by Nakamura and Nakamura (1992) . 3 The usual terminal conditions that rule out suboptimal decisions are assumed to hold. 4 Take into account the reparameterization we have made to express search costs in terms of participation (or hours) rather than in terms of leisure. Now we have * λ instead of λ . 5 Notice that the 1 of the indicator function, 1(.), is not the same of time availability:
might affect the participation decision. The unobserved heterogeneity term it µ might be composed by two elements. One which is time invariant that would reflect heterogeneity among individuals possibly originated in human capital and other cohort factors denoted by i ϕ and one associated to random transitory movements in wages denoted by it ν . This term could be serially correlated but independent of it X for consistency.
The specific relationship between fertility and labor participation of married women is not that obvious. Econometricians have tried to overcome any potential endogeneity among these variables through the use of instruments. However, the instruments currently used are not satisfactory (Nakamura and Nakamura, 1992) and, consequently, the correct set of instruments remains as an open question.
Another issue that we try to capture is the memory of current labor participation; that is, we try to answer the question whether the contemporaneous decision on participation depends or not on previous decisions about participation in the labor market. This memory could be due to both serial persistence and state dependence of female participation. Heckman (1981) has made distinctions between serial correlation and state dependence being the latter associated to persistent individual heterogeneity (see also Hyslop, 1999) . The restriction in expression (3), where past participation decisions are present, allows our model to introduce the concept of decision memory into play 6 .
Data construction and empirical facts
In Colombia there is no panel survey on household labor supply statistics. Thus, to explore the life-cycle implications of the neoclassical model the construction of an artificial panel is required.
This pseudo-panel was built with the information from all stages (quarters) of the National Housing Survey (NHS), which are independent cross-sections applied between 1984 and 2000 to compile labor market information 7 . With this pseudo-panel data analysis it is possible to track cohort means (supposedly pertaining to a particular married woman) over time while it is not possible with independent cross-sections.
To construct this artificial panel we invoke the proposal of Deaton (1985) in which the population is divided into different groups, or cohorts, to figure on a representative (average) agent for each group. Thus, instead of observing different true individuals over time we track cohort means 8 .
In our particular case, for studying the labor participation decisions of married women in Colombia we focus on six specific groups of women who were born between 1941 and 1970 as presented in Table 1 . In other words, we end up with six cohorts of married women who are observed through the period of the NHS; that is over 68 quarters, between 1984 and 2000. Summary statistics are presented in Table 2 where the simultaneous increase of participation rate and years of education and the reduction of wealth is noteworthy. It is also important to observe that the number of children increases as long as women are younger; for example, the number of children of age between 0 and 1 is higher and gets bigger for women of cohorts 4 to 6.
A number of other salient features of the Colombian labor market can be accounted for.
This is the case of participation over time shown in Figure 1 . As predicted by the life-cycle model, the rate of participation over time shows an inverted-U behavior: at an early age a woman participates less in the labor force, but as long as age and education levels increase, participation also increases. After that some other forces start to intervene in the decision; for example, the presence of young children, the level of wealth already acquired, and the non-labor income (income of their husbands) reduce the probability of participation. There are, on the other hand, forces, like experience, that increase the probability of labor participation. 19  23  27  29  31  34  36  39  41  43  46  48  50  53  55  57  60  62  64  66  69 Age Participation Source: Authors' calculation based on the National Housing Survey (DANE-ENH) Figure 2 shows the labor participation rate of each group per age. Labor participation is lower for older groups than for younger ones. That is, when people in Group 3 (G3), who were born, on average, in 1953, were between 30 and 34 years old they participated less than those of Groups 4, 5, and 6 at the same ages. At the same time younger married women tend to participate more in the labor force. Figure 3 shows the participation rate of each cohort over time. It is remarkable the rapid increase in participation of G6. These facts might be evidence of a cohort effect that we will try to consider empirically later on. Source: Authors' calculation based on the National Housing Survey (DANE-ENH) Figure 4 shows the behavior of both the participation rate and the number of years of education. The left vertical axis measures the years of education while the right axis measures the participation rate. Thus, we can observe that, up to a scale, there is a similarity in the movements of the two variables; even more, the peak of education is reached just before the peak of participation rate. Figure 5 presents the relationship of the participation rate and education. It seems clear that participation increases along with the years of education; however, it also seems that two types of women co-exist with education between 4.5 and 8.5 years: one type that participates, on average, more than 12 percentage points than the other type. This difference is evident between women with 6.5 and 8.5 years of education. The level of wealth is a plausible candidate to explain such a behavior. Another typical determinant of labor force participation is the wealth or non-labor income usually regarded as a principal component of the labor opportunity cost or the reservation wage.
The wealth of the family is set as a dummy that takes the value of 1 if the family either owned a house (without any outstanding mortgage debt), or the neighborhood is middle class or higher 9 , or the family earned $2.500.000 in real terms (Colombian pesos of December 2000);
otherwise it takes the value of 0. Figure 6 shows the relationship between the participation rate and our definition of wealth. The probability of participation in the labor market is very small when the probability of having wealth is higher than 0.6. One of the most interesting aspects of the female participation has to do with costs of childcare and fertility decisions. Figure 7 shows the participation of married women ordered according to the number of children they have under 6 years of age. From that picture is clear that participation is lower when the number of children is also low. This pattern suggests a positive relationship among the variables, contrary to that postulated by the theory. To disentangle this counterintuitive fact we decompose the children under age six into six categories: children between age 0 and 1, between 1 and 2, 2 and 3, 3 and 4, 4 and 5 and, finally between 5 and 6. and 2, and so on. The conclusion is that younger mothers have younger children.
Fertility poses a challenge in the analysis of labor participation since endogeneity might be present (Nakamura and Nakamura, 1992). That is, labor participation might affect current or future fertility decisions and vice versa. Given the evidence obtained from Figures 9, 10 and 11, we observe some potential to this point. Figure 9 presents the labor participation behavior of mothers who have at least one child between ages 0 and 1 and no children at any other age. This Figure also shows the labor participation of mothers who have at least one child between ages 1 and 2, and the labor participation of mothers who have at least one child between ages 2 and 3. It seems evident that the labor participation rate of mothers who have children only between ages 0 and 1 is always lower than that of mothers who have children only between ages 1 and 2, and with children only between ages 2 and 3. This result is the same for mothers with children only between ages 5 and 6. At this children's age their mothers decide to reduce labor participation (Figure 10 ). 19  22  24  26  28  30  31  32  34  36  37  38  40  41  43  44  46  47  49  50  51  53  54  56  57  59 In Figure 11 we observe that the participation of mothers with children only between ages 0 and 1 and between ages 5 and 6 is similar up until the mother is about 35 years old; for mothers older than that, the participation rate is slightly higher for those who have only children between ages 5 and 6. Both of them are lower than total participation. That is, participation is negatively related to fertility decisions: participation rate of married women with children aged between 0 and 1 is less than any other participation rate. Also noticeable, the participation rate of married women declines over time; this is why participation of mothers with children who are older than 5 but younger than 6 is also lower than other participation rates. 
Econometric issues, results and discussion
The theoretical model of Section 2 (appended to the facts showed in the previous section) gives rise to some hypothesis that one might verify 10 . The econometric exercises carried out in this work can be divided into three parts. First, we focus on interest rates and labor income taxes as determinants of participation rates. Second, a probit pooling (static) regression is adjusted in order to analyze the determinants within this set where unobserved heterogeneity becomes more relevant. Third, panel data estimations are carried out. In the latter case we use not only the linear probability model to observe the signs and magnitudes of marginal effects under the fixed effects estimator, but also the random effects probit estimator.
With the linear regressions of each cohort in isolation we verify the power of the interest rate factor as well that of labor income taxes 11 to explain the labor participation decision over time. Both elements are always present in the Euler equation generated by an optimization process. The empirical counterpart we define is given by:
10 Following Deaton (1985) , given that cohorts are very different in size each observation has been weighted by square root of the cohort size. 11 The series of labor income taxes was kindly provided by L. Fergusson which was first presented in Fergusson (2003) .
Hence, we use the model and include the past probability of participation (the latent probability 12 ) which is denoted in Table A1 in the Appendix as lagged participation. The rest of the variables in Table A1 are interest rates, labor income taxes, years of education, non-labor income (or wealth) defined as a dummy variable that takes the value of 1 if the family holds the conditions mentioned above and 0 otherwise, presence of other people unemployed at home which is a dummy variable that takes the value of 1 when there are people undergoing unemployment episodes and 0 otherwise, squared age (our proxy of human capital depreciation), and the number of children under age 6. The regressions in Table A1 focus on Groups 3 to 6
given the variability of the dependent variable.
The estimates corresponding to past latent participation and presence of other unemployed people at home are significant for most of the groups. But the lack of significance of interest rates, labor income taxes, and the number of children under age 6 13 is noticeable.
To check again the relevance of our intuition, we disaggregate the variable children under age 6 to verify the explanatory power of fertility. This is replaced by children between ages 0 and 1, between ages 1 and 2, 2 and 3, 3 and 4, 4 and 5, and 5 and 6. In this case we have disregarded the variable "age" since the inclusion of children at different ages could induce some collinearity between these variables. Table A2 presents the results of these regressions which are, again, focused on Groups 3 to 6 given the variability of the dependent variable 14 . There are two regressions which differ only because the first includes children between ages 0 and 1 while the second does not.
The results in Table A2 (see the Appendix) show that past latent participation probability is not significant for Groups 3, 4, 5, and 6. This is also the case with interest rates and labor income taxes, but interestingly, and irrespective of the significance, the corresponding coefficients of those variables take different signs showing different dominance of substitution and income effects depending on the group we are looking at. With respect to children, now disaggregated by age, there is a gain since for each group we can observe which of them affect the labor participation decision. However, no interesting pattern arises from these regressions given that sometimes the coefficients are not significant and sometimes the sign of those 12 Instead of using the past observed decision (which takes the value 0 or 1) we use the latent or underlying probability of participation. 13 The coefficients corresponding to interest rates and taxes could exhibit any sign depending on the dominance of income and substitution effects that each variable might generate in turn. 14 The dependent variable of Groups 1 and 2 takes always the value of 0.
coefficients is different form the expected one. In summary, the time series approach to the labor participation decision is not illuminating enough about its determinants during the sample period for the artificial cohorts we have built.
A second exercise we undertake is a probit pooling regression without any dynamics to analyze the effect of unobserved heterogeneity. The model is:
The results of this regression are included in the first two columns of Table 3 . Some of the estimated probit coefficients have the expected sign. This is the case of education, labor income taxes, non-labor income, other people unemployed at home, squared age, children of between ages 0-1, 1-2, 4-5, and 5-6. However, the coefficients of children of between ages 2-3 and 3-4 do not correspond to the predictions of the theory. As we mentioned above, both labor income taxes and interest rates can generate substitution and income effects. According to the sign, the former dominates in the case of the two variables. However, not all coefficients are significant. This is most noticeable in the cases of taxes, non-labor income, and children between ages 2-3, 3-4 and 5-6. Based on the coefficients, the probit model seems to be close to the theory and give some importance to unobserved heterogeneity since coefficients linked to fertility are now significant. However, regardless of having the signs predicted by the theory, the marginal effects analysis suggests that no variable is really significant in the model for the whole sample period. However, for a shorter period of time (1990:1-2000:4) , education and others unemployed at home, as evidence of the "additional worker effect", are significant on the grounds of marginal effects.
Then, we turn to panel analysis. Participation decisions of married women pose some problems given the treatment of unobserved heterogeneity either as fixed or random, the incidental parameters problem, the potential endogeneity of fertility decisions 15 , the serial persistence-state dependence phenomena, and the initial conditions for the dynamic process given the intrinsic nonlinearity of a probit model.
Consider again Equation (5) which is written here for convenience:
where the term it µ referred to unobserved heterogeneity is composed by two elements as we (see Wooldridge, 2002, chapter 15) . In other words, the estimation of β could change as long as new observations are added to the sample.
The dynamics of the labor participation, observed through the high degree of memory, is an important characteristic of this individual´s decision. Associated to the memory of participation are the problems of initial conditions and persistence-state dependence. The former arises since the participation process is not observed at the moment of entrance to the labor age (which takes place in Colombia when people are at least 12 years old) and, as a result, something must be assumed about the first decision of labor participation ( 0 i n ) and its relationship to other determinants. A misspecification of the initial conditions will also lead to inconsistent estimates of β . To deal with this issue, given the random effects approach used, we follow the procedure of Wooldridge (2002) As for the serial persistence problem, the literature recognizes a difference between state dependence and persistence. The former is explained on the basis of human capital accumulation and job search costs 16 ; these are reasons to observe that individuals, with some observable characteristics, decide for an option with higher probability when they have made the same decision in the past. The latter might be caused by persistent individual heterogeneity through which there is a high probability to take a labor participation decision but without regard to previous choices.
Then, focusing on the estimation, if we assume for the moment that it ν is serially uncorrelated, it could be of some interest to consider the fixed effect linear probability model which has the appeal that, as stated above, does not make any assumption on the distribution of i ϕ . This model controls for any arbitrary correlation between i ϕ and it X and can help to eliminate the incidental parameters due to the form of controlling for unobserved heterogeneity which consists of differencing the processes. A disadvantage of the linear probability model is that one can account for the fact that its forecasts are not restricted to the [0, 1] interval. For this exercise we restrict ourselves to the shorter sample period and use the variables that (according to previous exercises) have been more promising. At the same time,
to avoid the problem of potential endogeneity between the labor participation decision and fertility we discard the children between 0 and 1 years of age taking into account that past participation probability has been included as an explanatory variable. Results in Table 4 suggest that the performance of this model is rather poor in terms of significance of the estimated coefficients and the sign of the coefficient corresponding to education. For the fixed effects model, the ρ coefficient is high enough (0.3813) which might be an indication that the variability explained by the fixed component of the model is important to some extent.
16 Non-separability of preferences is also a possible source of state dependence. Then we estimate a linear probability model assuming that i ϕ is not correlated to it X , or that it µ is a correlated random effect (model in levels in Table 4 ). In this case, not only the significance but also the sign and the magnitude of the estimates coefficients change with respect to the fixed effect linear probability model. The random specification suggests that, after controlling for seasonal effects, past participation, non-labor income, and children between ages 1 and 2 are the main determinants of married women's participation (see Table 4 ). However, the results must be interpreted with some caution given the length of time (T) versus the size of individuals (N).
Under the assumption that it µ is a correlated random effect we can use probit models.
This kind of models parameterize the distributions of i ϕ . Table 5 shows that, controlling for initial conditions and seasonal effects, there is evidence of true state-dependence, all variables have the sign predicted by the theory and all of them, except for non-labor income, are significant. Nevertheless, according to the ρ coefficient, there is no panel effect so that the model is equivalent to a pooled probit. The marginal effects are significant for all variables and have the expected sign, which suggest that the variables are relevant. 
Conclusions
This paper analyzes the labor participation decision of married women in Colombia within a lifecycle framework. By employing the information of the NHS we built a pseudo-panel and end up with 6 groups that we regard as 6 different women. Given the difficulties posed by this topic we undertake an exploratory tour by using different specifications that allow us to arrive at some significant conclusions.
Some important facts can be sketched directly from the data. This is the case of the behavior of participation curve which takes the form of an inverted-U as age of women increases.
Another finding is related to higher participation rates in the labor market of younger women a fact possibly linked to their higher education level. The data also suggests a negative relationship between participation and wealth and an effect of fertility on the participation decision.
Within a neoclassical framework, variables such as interest rates, labor income taxes, education, wealth (non-labor income), presence of others unemployed at home, squared age, and fertility, represented by children of ages from 0 up to 6 are used to model the participation decision of married women (or in common-law unions).
Children under age 6, when considered as a whole, are not significant. The same conclusion is obtained with wealth; however, this variable appears most of the time with the expected sign. Intertemporal decisions based on the behavior of interest rates are not relevant for the participation decision.
After controlling for seasonal effects, memory of decisions about labor participation is an important variable as well as education, labor income taxes, the presence of other people unemployed at home, and children between ages 1 and 2. Once this set of explanatory variables is included into the model, unobserved heterogeneity does not play any role in determining the participation of married women. 
